Biomass accumulation in a pot experiment
The performance of the XH-9 strain was evaluated after challenging it by inoculation 138 with a suspension of 10 7 conidia mL -1 from F. oxysporum. As shown in Table 3 , the XH-9 139 strain promoted the growth of wheat seedlings. Compared with the control group, the XH-9 140 strain significantly increased wheat growth in terms of the plant shoot height (14.20%), root 141 length (32.25%), dry biomass (11.93%), and fresh biomass (16.28%), relative to the 142 pathogen control.
144
Plasmid construction and extraction 145 Genomic DNA was extracted from F. oxysporum, F. pseudograminearum, F. after running it on a 2% agarose gel (Fig. 3a) . Next, the JB-F and JB-R primer pair was 148 tested in amplification reactions against all prepared fungal genome DNA samples and water 149 (as a negative control). As expected, the primers only amplifying the target sequence of F. 150 oxysporum with a specific PCR product of 323 base pairs (bp) (Fig. 3b) , which was used to 151 construct recombinant plasmid. Subsequently, the plasmids were transformed into phage-152 resistant, chemically competent Trans1-T1 cells and grown in PDA medium containing 8 μL 153 isopropyl β-D-1-thiogalac topyranoside (IPTG) and 40 μL X-gal at 30°C. After 24 h, a large 154 number of white and blue colonieals appeared on the plate (Fig. 3c )everal white colonies 155 were selected and sequenced at a commercial sequencing company (Sangon Biotech, 156 Shanghai, China) using the M13 forward and M13 reverse primer. The specific sequence of F. 157 oxysporum is shown in additional file. Transformants that were successfully identified were 158 expanded in culture to extract plasmids (TransGen Biotech, Beijing, China), which were 159 used in the standard curve. Real-time PCR for the quantification of F. oxysporum 162 A standard curve was established by plotting the log of known concentrations of F. 163 oxysporum DNA against the associated Ct values, with an R 2 value higher than 0.99 ( Fig. 4b) .
164 Fig. 4a shows a melting curve of the amplification products, which indicated the specificity 165 of the amplification product. For the rhizosphere soil samples, total soil DNA was extracted 166 ( Fig. 3d ) and used as a template in qPCR assays. The Ct values observed with unknown soil 167 samples were interpolated with the standard curve, and the calculated F. oxysporum DNA 168 concentration from the soil samples was record in Table 4 . Compared with the control group, 169 the XH-9 strain significantly inhibited the growth and reproduction of F. oxysporum in the 170 wheat rhizosphere at definable intervals. In the control group, the amount of F. oxysporum 171 drastically decreased to 3.74 (±0.26) 104 CFUs/g of soils during the first 20 d, and 172 thereafter, it gradually increased and reached 46.42 (±1.96)  10 4 CFUs/g of soil after 50 d.
173
Following treatment with the XH-9 strain, the amount of F. oxysporum decreased drastically, 174 being gradually reduced during the first 20 d, and then gradually declining and stabilizing 175 until the final concentration (1-2  10 4 CFUs/g of soil) was relatively stable.
177

Discussion
178
In the absence of targeted plant-disease control approaches, soil-borne pathogens 179 continue lead to significant crop losses worldwide in both conventional and organic field 180 production systems (11). Development of biological control measures using antagonistic 181 bacteria is one of the most attractive alternatives to chemical fungicides, although it has 182 many limitations including environmental concerns, food quality issues, and tolerance to 183 antifungal agents after long-term applications (14) . A trend exists in terms of utilizing 184 microorganisms isolated from rhizosphere soil as biological agents, which may be better 185 adapted to colonize the rhizosphere of crop plants and show better disease control than 186 organisms isolated from the other sources, such as seawater, compost, and silt (15, 16) .
187
Several species of nonpathogenic rhizobacteria, mainly belonging to the Pseudomonas, 188 Bacillus, and Paenibacillus genera, have been identified from soils and used as potential 189 biocontrol agents against soil-borne pathogens. For example, B. amyloliquefaciens FZB45 190 has been found to be an effective biocontrol agent with P-mobilizing capabilities (17).
191
Treating seeds with Pseudomonas fluorescens enhanced resistance to tomato damping off 192 (18). Paenibacillus polymyxa E681, with its plant-growth promotion and root-colonization 193 ability, showed promise as aing biocontrol agent for cucumber and barley (19) . However, 
213
It should be noted that the plant growth-promoting effects of these PGPR are influenced 214 by environmental factors. Previous findings have shown that soil moisture, temperature, and 215 the availability of an energy source (carbon) determine the activity of these organisms and 216 soil microflora, which are important for the incidence of disease and suppression thereof (26).
217
These data explained why only a limited number of strains have been successfully applied in 218 agriculture and developed commercially as biofertilizers or biocontrol agents, although 219 several Bacillus strains have been developed as biocontrol agents in for plant protection and 220 improving plant growth (27). Thus, it is a substantial advantage that indigenous 221 microorganisms have been developed as biocontrol agents and applied in local arable land.
222
In conclusion, we successfully selected an effective antagonistic bacterial strain (XH-9) 223 from wheat rhizosphere and identified it as B. amyloliquefaciens subsp. Plantarum, based on 224 phylogenetic analysis of the 16S rRNA sequence. Data from pot experiments indicated that 225 the XH-9 strain increased in the growth of wheat and reduced the number of F. oxysporum in 226 the treatment group. Antagonistic mechanisms and PGP characteristics were revealed in 227 terms of nitrogen fixation, phosphate and potassium solubilization, and production of growth 228 hormones, ACC deaminase, diffusible and volatile antibiotics, siderophores, cellulase, 229 glucanase, protease, and chitinase. The key point is that the XH-9 strain can colonize the root 230 system of different plant crops, which has been considered a relevant trait for biocontrol (28).
231
Additionally, Chowdhury et al. (24) reported that plant growth-promoting activity is linked 232 with the ability to suppress soil-borne plant pathogens. To our knowledge, bacteria 233 exhibiting all known plant growth-promoting features simultaneously are rare (29).
234
Fortunately, the XH-9 strain possesses all plant growth-promoting characteristics. Although 235 further experiments are needed to determine the effectiveness of the XH-9 strain under field 236 conditions, we have confidence that the XH-9 strain can be developed as a biocontrol agent 237 for improving crop productivity in traditional and organic production systems. 249 A mixed rhizosphere soil sample was collected from the roots as described previously 250 (6). Ten grams of soil were suspended in 90 ml of sterile distilled water and mixed on a table   251 concentrator for 30 min. The soil samples were serially diluted (up to 10 6 -fold), plated on 252 PDA plates, and incubated at 28°C ± 2°C for 2-3 d. Bacterial colonies growing on the plates 253 were isolated according to their different visual characteristics and maintained on PDA slants 254 at 4C for further studies (6). Growth-promoting characteristics of the isolates 301 All selected antagonistic isolates were characterized for differences in their traits.
Isolation of bacterial strains
302
Qualitative determination of phosphate and potassium solubilization by strains that induced a 303 clear zone around colonies on NBRIP growth medium and silicate solid medium,which were 304 considered as positive results for phosphate and potassium solubilization (44). Quantitative 305 analysis of the phosphate-and potassium-solubilization efficiencies was conducted as 306 described previously (45, 46) . Nitrogenase activity was measured by performing a previously 307 described(47).Salkowski assays were used to analyze IAA production in liquid cultures 308 supplemented with L-tryptophan (0.5mg ml -1 ) for 48 h (48). Qualitative detection of ACC 309 deaminase produced by the isolates was performed using DF-ACC salts minimal medium 310 (49) 311 312 To examine the root-colonizing capacity of selected strains in vitro, the original XH-9 313 strain was replaced by a rifampicin-and spectinomycin-resistant mutant of the XH-9 strain, 314 which was designated XH-9M. The process of introducing mutations was performed as 315 described previously (50). The wheat seed surface was sterilized with 75% ethanol for 1 min, 316 exposed to 1% sodium hypochlorite for 30 min, and rinsed thoroughly with sterile distilled 317 water. Surface-sterilized wheat seeds were sown in 10-L plastic pots containing soil 318 collected from which the XH-9 strain was isolated. The experiment involved a completely 319 randomized block design with three replicates for each treatment, with 5 pots per replicate; 320 each pot has 5 wheat seeds. The XH-9M strain was grown overnight in LB broth at 30°C and 321 200 rpm, after which the bacterial suspension was centrifuged at 1073 × g for 10 min and 322 resuspended in phosphate-buffered saline (1 × 10 8 CFUs/mL) prior to use. Twenty milliliters 323 of bacterial suspension was poured into pots containing wheat seedlings that were 324 germinated a week before (51). Bacteria were recovered from the rhizosphere by collecting 325 wheat rhizosphere soil every 10 days after bacterial inoculation. Five-gram soil samples were 326 placed into 250-mL conical flasks containing 50 mL of sterile water and mixed on a table 327 concentrator for 30 min. The suspensions were serially diluted and plated on PDA agar 328 containing rifampicin (300 μg mL -1 ) and spectinomycin (300 μg mL -1 ). The plates were 329 incubated for 2-3 d at 30°C, the number of colonies was counted, and the total population 330 was expressed as the CFU g -1 of dry soil. Furthermore, the colonization ability of the 331 selected strains was also tested on corn and chili crops in the same manner.
Root-colonization assay
333
Pot experiment design and qPCR 334 In this study, qPCR was used to quantitatively measure the F. oxysporum biomass in 335 wheat rhizosphere soil. Wheat seeds were sterilized and sown in clay tile pots, each of which 336 had been inoculated with a 20-mL suspension of F. oxysporum conidia (10 7 mL -1 ). After one 337 week, the roots of plantlets were inoculated with 20 mL of bacterial suspension; the roots of 338 the control plantlets were inoculated with the same volume of sterile water. After inoculation, 339 both the treated and control rhizosphere soil were collected every 10 d and stored at -80°C to 340 detect the amount of F. oxysporum by qPCR. The pot experiments followed a completely 341 randomized block design with three replicates for each treatment, with 5 pots per replicate.
342
Each pot had 5 wheat seeds. After 50 d, the wheat seedlings were uprooted separately to 343 determine the biomass indices of the plants. Table 3 Effect of the XH-9 strain on growth parameters of wheat seedling 587
Notes: Values are means ± SD (n = 15). Means sharing a common letter within the same column are not significantly 588 different at P < 0.05. "XH-9" denotes wheat seedlings treated with a suspension of strainXH-9 cells. "CK" denotes wheat 589 seedlings treated with an equal volume of sterile water. Notes: Values are means ± SD (n = 15). Means sharing a common letter within the same column are not significantly 593 different at P < 0.05. "XH-9" denotes wheat seedlings treated with a suspension of strainXH-9 cells. "CK" denotes wheat 594 seedlings treated with an equal volume of sterile water. 
